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THREE PHASE SYSTEM WITH CONTROLLED SWITCHING OF A LOAD NETWORK TO A THREE PHASE 

POWER SUPPLY 



The invention relates to a three-phase system comprising a three-phase power 
5 source, a three-pole switch, through which the phase terminals of the three-phase power 
source can be connected to a load network, a reference time detector for determining a 
reference point in time, and a drive control circuit for driving the poles of the switch 
such that the poles of the three-pole switch are switched at controlled times at different 

* 

intervals with respect to the reference time. 

10 A device of this kind is known from laid-open German patent application 

DE-A-4 105 698. This known three-phase system comprises a load network that is 
switched onto a three-phase power source by means of a three-pole switch, the poles 
being switched at individual times. This extends the electrical and mechanical lifetime 
of the switches for all types of load and current. 

15 It is an object of the invention to provide a three-phase system of the type 

mentioned in the preamble, in which the switching, even if a short-circuit exists, limits 
the (arc) energy generated also during the pre-ignition stage and any boimce of the 
contacts of the switch poles. 

This object is achieved by the invention by arranging that the time of contact 

20 touch of the first pole is between 185'' and 257'' increased by n times 180"* after the 
zero crossing of the voltage between the first and second pole, and that the times of 
contact touch of the second pole and the third pole are respectively at ni times the 
frequency period increased by 120° and increased by n times 180°, and at ni times the 
frequency period increased by 240° and increased by n times 180° after the time of 

25 contact touch of the first pole, where n, ni and ni are zero or a whole number. 

Preferably, the time of contact touch of the first pole is at 2 ms + 185° increased 
by n times 180° after the zero crossing of the voltage between the first and second pole. 

Owing to the choices of times of contact touch of the poles of the switch 
mentioned above, the (arc) energy generated, even when all possible types of short- 

30 circuit exist, is limited. Moreover, the invention prevents the main contacts from 
becoming welded together. The risk of re-ignition at the next disconnection is reduced. 
In addition, the invention has the following advantages: 

• less wear, therefore can be switched into short circuits much more often, and 
even repeatedly. 

35 • superior dielectric behaviour after switching into a short circuit (no deformed 

contacts - points out of contacts). 

• in combination with controlled disconnection, a smaller vacuum contact 
breaker can meet the same specifications. 
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Preferred embodiments are defined in the subclaims. 

Hereafter, the invention shall be explained with reference to the following 
drawings: 

Fig, 1 shows a schematic of the principles of a three-phase system according to 
5 the invention; 

Fig. 2 shows an embodiment of the three-phase system according to the 
invention; and 

Fig. 3 shows another embodiment of the three-phase system according to the 
invention. 

10 Fig. 4a, 4b and 4c show possible points in time of contact touch of pole LI . 

Figure 1 shows the principle of a three-phase system that comprises a three-phase 
power source eit, eat, est and a load network 2 that can be connected to the phase 
terminals of the three-phase power source via a three-pole switch 1 with poles LI, L2 
and L3. Moreover, the three-phase system includes a zero-crossing detector 3 which is 

15 connected between two phase terminals, for example phase terminals LI and L2 of the 
three-phase power source eit, eat, est. This detector determines the zero crossings of the 
voltage between the two abovementioned phase terminals and, based on a point in time 
of a zero crossing, controls the drive control circuit 4 that drives the poles LI , L2 and 
L3 of the three-pole switch 1. Notable here is that the use of a zero-crossing detector 

20 connected between the phase terminals LI and L2 is preferred as a reference time 
detector. However, any detector can be used, such as a peak detector for example. 
Moreover, the detector can be connected between 1 phase and earth, or between 2 other 
phases. The important point is that there is a reference to the primary voltage. 
Measuring between 2 phases always gives a good and xmambiguous result and is 

25 therefore preferred. For another reference point, the hereafter named times or angles of 
contact are, of course, used. The hereafter named times and angles are based on the 
zero-crossing detector being connected between the phases LI and L2, therefore Uu- 

The three-phase system can, for example, be a known three-phase mediima 
30 voltage system (approximately 1-50 kV), which is equipped with vacuum switches as a 
three-pole switch. The invention is suitable for both load and power switches. In the 
three-phase system, in particular in the load network, an undetected short circiiit can 
occur. While switching into such a short circuit, it is important to admit minimal energy 
in the arc during (imavoidable) pre-ignition to avoid possible welding together of the 
35 contacts. This can be achieved by switching with maximum asjonmetry because in the 
relevant area of time of approx. 2 ms, the increase in current is stiU mioimal. Moreover, 
pre-ignition will then be minimal, because the voltage is then zero, as is the case with 
an inductive load network. Since in the event of a short circuit the network will have an 



03028056A1J_> 



wo 03/028056 PCT/NL02/00588 

3 

inductive character, in this situation the same requirements as those noted above will 
apply. 

A contradictory requirem^t to that given above is that for minimum operational 
power between the phases, asymmetric currents must be prevented as much as possible. 
5 This reqtiirement is considered less strict and therefore not set here. The network must 
in any case already be specified for a maximum asymmetric short circuit current, since 
short circuit can also occur in another way, whereby the full peak is reached. 

Asymmetry is reached because poles LI, L2 and L3 are switched at controlled 
times. In order to assume one reference that satisfies all cases occurring (including 
10 therefore a floating supply with an abready existing earth fault in the switch), a phase- 
phase voltage is considered, for example the voltage between the phase terminals LI 
and L2. In particular, a zero-crossing detector 3 is used that in the given example has its 
input terminals connected to the phase terminals LI and L2 and at its output gives a 
signal that represents a zero crossing. With this output signal of the zero-crossing 
15 detector 3, the drive control circuit 4 is controlled, the drive control circuit 4 and the 
corresponding poles LI, L2 and L3 interacting such that the time of contact touch or 
the switching time of the first pole (LI) is after 185° increased by n times 180"* after the 
zero crossing and that the times of contact touch of the second pole L2 and third pole 
L3 are 120** increased by n times 180® and 240° increased by n times 180° after the time 
20 of contact touch of the first pole, where n is equal to zero or a whole number. Apart 
from tiie time difference given here between the times of contact touch of the second or 
third poles, the time difference can, if necessary and if desired, be increased fiirther by 
ni times the frequency period for the second or nz times the frequency period for the 
third pole. Because the times are interrelated, nz in the chosen example should not be 
25 smaller than nl . This can be different, of course, in a different network situation such 
as a different phase sequence. Furthermore, here also ni and 1x2 can be zero or a whole 
number. In practice, nl and n2 will be zero because in genial it will as fax as possible 
be attempted to approach synchronous switching of the three poles. 

In the following, by way of example, a situation will be explained assuming a star 
30 earthed network in which the best choice for the closing sequence of the poles LI, L2, 
L3 will be given as follows: 

contact touch of pole LI after max. 2 ms + 185° with respect to the reference 
time, namely the zero crossing of the voltage between two phases, in this case 
Un-L2 = 0, (optional: wait ni times the frequency period) 
35 - switch the pole L2 with a delay of 120** with respect to tiie pole LI (optional: wait 

n2 times the frequency period) 

switch the pole L3 with a delay of 240** with respect to the pole LI . 
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In this context, account is taken of a pre-ignition time of max. 2 ms and a bounce time 
of max. 2 ms. With a shorter pre-ignition time, contact touch can also take place at x + 
185°, where x is identical to the shorter ignition time. 

The best choice for closure sequence for a floating network is identical to that of 

5 a star earthed network. 

In table A, a comparison of controlled switching (including the effects of =h 1 ms 
and =fc 2 ms spread in the mechanism) is given with respect to conventional 
sunultaneous switching. A short-circuit current of 25 kA is assumed. 

The most important criterion is the amount of energy during the arcing phase, 
10 expressed as I^.t or in the case of a constant arc voltage as Lt. 

It is apparent from table A that the time constant t of the network has hardly any 
influence on that criterion at least so long as realistic values for r are taken. The 
standard lEC value (t = 45 ms) is therefore sufficient to calculate further. As 'Vorst 
case" in table A, 2 ms pre-ignition + 2 ms bounce is assumed. Of course, shorter times 
1 5 have a more favourable effect here on (arc) energy (lower I^.t and I.t values). The angle 
given gives the start of the pre-ignition and apphes for 50 Hz. Two ms later, the 
contacts of pole LI touch. Table A is given as an example for 50 Hz, For other 
frequencies, e.g. 60 Hz, the same behaviour is observed. Witii times remaining equal 
for spreads in the time control pre-ignition and bounce, other angles apply for 60 Hz. 
20 For two ms with 50 Hz this is 36^ but with 60 Hz it is 43.2^ With 60 Hz, different 
(somewhat higher) I^.t and I.t values are also reached. The influence of controlled 
switching, however, is also still positive for 60 Hz. 

Th^efore, when account is taken of variations caused by the mechanical spread 
and by the accuracy of the time control of a maximum of 2 ms, the time of contact 
25 touch of the first pole LI is between 185^ and 185** + 4 ms. With this variation, 
controlled switching is still advantageous. With variations significantly larger than + or 
_ 2 ms, there is Httle pomt in controlled switching. With shorter pre-ignition times or 
shorter bounce times, the effect of controlled switching becomes even more favourable, 
because there is less (arc) energy generated between the contacts. 
30 Fig. 4a gives the ideal time of contact touch for the first pole (LI). There is no 

mechanical spread, so account is only taken of the maximum pre-ignition time of 2 ms 
or 36 electrical degrees and the maximum bounce time of 2 ms or 36 electrical degrees. 
The point of contact is then at 221°. 

When account is taken of a mechanical spread of a maximum +2 ms and -2 ms, 

35 the ideal point of contact will be displaced. 

Fig. 4b gives the point of touch when the mechanism is switched on 2 ms too 
early, whereby the point of contact is at 185**. 

Fig. 4c gives the point of touch when the mechanism is switched on 2 ms too late. 
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whereby the point of contact is at 257*". 

In all three situations, however, the period within which the arc energy can 
manifest itself is limited to a maximimi of 4 ms or 72 electrical degrees, and this 
'^window" will shift forwards or backwards in time as a result of the mechanical spread. 
For 50 Hz, the point of contact touch of pole LI is therefore between IBS'" and 

257*" after the zero crossing (Uu-L2 = 0). 

The point of contact touch for pole L2 for 50 Hz is between 84"* and 156*^, and for 
pole L3 with 50 Hz between 204^ and 276^. As has been noted, these are points in time 
of contact touch of the poles L2 and L3 in relation to pole LI, and the points in time 
can, if necessary, still be lengthened by a number of periods. 
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TABLE A 



T(ms) 


45 (lEC) 


32 


106 




Ref. Uli-l2 = 0 


l2tCECA)^s 


I.t(As) 


I^t(KA)^s 


I.t(As) 


lh(KAfs 


I.t(As) 


Conventional 
max. (yj j 


2.3 


83.3 


2.2 


82.5 


2.4 


o4.0 


Controlled 
ideal (185") 


<0.05 


10.6 


<0.05 


10.6 


<0.05 


10.6 


+1 ms (203°) 


0.3 


24.7 


0.3 


24.6 


0.3 


24.9 


Influence 
of 

mechanic 
al spread 


-1 ms (167'') 


0.2 


27.1 


0.2 


26.7 


0.2 


27.6 


+2 ms (221°) 


0.9 


47.9 


0.9 


47.5 


0.9 


48.4 


-2 ms (149°) 


0.7 


50.1 


0.7 


49.5 


0.8 


51.0 



Influence of controlled switching with 25 kA short-circuit 

5 

There are two possibilities for controlling the poles of the switch. Firstly, there is 
a drive with mechanical graduations at 120*^ (pole L2) and 240^ (pole L3): so at 50 Hz 
this would correspond to 6,7 and 13.3 ms. The other possibiUty consists of 3 
independent drives, each switching 1 pole. 
10 Figure 2 shows a first embodiment with mechanical delay between the phases LI , 

L2 and L3- 

A zero-crossing detector 3 detects the zero crossings of the voltage between the 
LI and L2 phases. The output signal of the zero-crossing detector 3 is transmitted to the 
central processing unit 5 which determines from the zero-crossing signals, the times at 

15 which the actuator drive control or buffer 6 is activated. This actuator drive control or 
buffer 6 controls actuator 7 which in turn switches poles LI, L2 and L3 of the three- 
pole switch 1. The contact touch of poles LI, L2 and L3 of the switch are influenced by 
mechanical delays Vi, V2 and V3, the delay periods of which also ensure that the poles 
LI, L2 and L3 are switched at the times mentioned above. Vi govems the delay of LI, 

20 V2 the delay of L2, and V3 the delay of L3. It is preferable to limit the delays to two, 
with one governing the delay between LI and L2, and the other the delay between L2 
andL3. 

Figure 3 shows an embodiment with electronic delay between the phases. In this 
embodiment too, a zero-crossing detector 3 and a central processing unit 5 are used. 
25 The central processing unit 5 has three outputs to which three actuator drive controls or 
buffers 61, 62 and 63 are connected, the outputs of this being connected to the inputs of 
the actuators 7i, 72 and 73, which control poles LI, L2 and L3. The delay can be 
implemented electronically somewhere in the circuit from the central processing imit 
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up to and including the actuators l^li and 73. Vi governs the delay of LI, V2 of L2, 
and V3 of L3. The delays can be limited to two, with one governing the delay between 
LI and L2, and the other the delay between L2 and L3. 

Owing to the choices of the points of contact touch mentioned above, a maxnnum 
asymmetric short-circuit current will exist, with the result that the thermal load of the 
power switch is minimal. It is therefore possible without difiSculty to switch on the 
short-circuit current even more often or to choose a smaller design. The maximvon 
delay for the three poles is preferably always smaller than 1 period (20 ms at 50 Hz), 
and therefore of no importance to the user. 
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CLAIMS 

1. Three-phase system comprising a three-phase power soiirce, a three-pole 
switch, through which the phase terminals of the three-phase power source can be 
coimected to a load network, a reference time detector for determining a reference point 
5 in time and a drive control circuit for driving the poles of the switch such that the poles 
of the three-pole switch are switched at controlled times at different intervals with 
respect to the reference time, characterised in that the time of the contact touch of the 
first pole (LI) is between 185*" and 257° increased by n times 180° after the zero 
crossing of the voltage between the first and second pole (LI, L2) and in that the times 
10 of contact touch of the second pole (L2) and the third pole (L3) are respectively at ni 
times the frequency period increased by 120** and increased by n times 180°, and at ni 
times the frequency period increased by 240° and increased by n times 180° after the 
time of contact touch of the first pole (LI), where n, ni and ni are zero or a whole 
number. 

15 2. Three-phase system according to claim 1, characterized in that the time of 

contact touch of the first pole (LI) is at 2 ms + 185° increased by n times 180° after the 
zero crossing of the voltage between the first and second pole (LI, L2). 

3. Three-phase system according to claim 1, but characterized in ttiat the time of 
contact touch of the first pole (LI) is in the range 185° to 185° + 4 ms increased by n 

20 times 180° after the zero crossing of the voltage between the first and second pole (LI, 
L2) and in that the times of contact touch of the second pole (L2) and third pole (L3) 
are respectively in the range of ni times the frequency period increased by 120° - 2 ms 
to ni times the frequency period increased by 120° + 2 ms and increased by n times 
1 80° and in the range of na times the frequency period increased by 240° - 2 ms to n2 

25 times the frequency period increased by 240° + 2 ms and increased by n times 180° 
after the time of contact touch of the first pole (LI), where n, ni and n2 are zero or a 
whole number. 

4. Three-phase system according to claim 1, 2 or 3, characterized in that the 
reference time detector is a zero-crossing detector that is connected between the two 

30 phases (LI, L2). 

5. Three-phase system according to one of the previous claims, characterized in 
that the poles of the three-pole switch are provided with mechanical delays and the 
values of the delays correspond to the time intervals associated with the switching 
times of the poles. 

35 6. Three-phase system according to one of the previous claims, characterized in 

that the drive control circuit controlling the switching of the poles of the three-pole 
switch is provided with an electronic delay and the values of the delays correspond to 
time intervals associated with the switching times of the poles. 
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Fig 4a 
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Fig 4b 
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Spread of point of touch +2 ms: Pole L1 



Start of arcing 

T 



End of bounce 



I 



293 



0 



30 60 

I \ur=0 

Urs=0 
(Reference) 



90 120 150 180 210 240 



270 300 330 360 390 420(61.") 



257 
Contact touch 
(50 Hz) 



2 ms pre-ignition 

and 2 ms bounce 

(at 50 Hz. this is 36''+36') 



BNSOOCIO: <WO 0302S056A1J > 



INTERNATIONAL SEARCH REPORT 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 H01H9/56 



According to International Patent Classrftcation (IPC) or to both national classification aad IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (dassification system followed by classification symbols) 

IPC 7 HOIH 



PCT/NL 02/00588 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the International search (name of data base and, where practical, search terms used) 

EPO-Internal 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * 



Citation of document, with indication, where appropriate, of the relevant passages 

US 5 963 021 A (BERKEBILE LEE E ET AL) 
5 October 1999 (1999-10-05) 
column 2, line 65 -column 3, line 35 

EP 0 338 374 A (ASEA BROUN BOVERI) 
25 October 1989 (1989-10-25) 
abstract 

DE 41 05 698 A (ELEKTRO APP WERKE VEB) 
27 August 1992 (1992-08-27) 
cited in the application 
abstract 



□ 



Further documents are listed in the continuation o1 box C. 



^ Special categories of cited documents : 

•A' document defining the general stale of the art which Is not 
consadered to be of particular relevance 
earlier document but published on or after the international 

filing dale 

■L" document which may throw doubts on prioiity daim(s)or 
which is cited to e^at>fish the publication date of another 
dlatlon or other spedal reason (as specified) 

'O^ document referring to an oral disclosure, use, exhibttion or 

other means 

'P' document published prior to the International filing date but 
later than the priority date claimed 



Date of the actual completion of the international search 

11 December 2002 

Name and malDng address of the ISA 

European Patent Office. P.B. 5818 Patentlaan 2 
NL - 2280 HV Rqsw^k 
TeL (+31-70) 340-2040, Tx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 

Form PCT/lSA/210 (second sheet) (JuV 1992) 



Relevant to daim No. 



1-6 



ID 



Patent family members are listed in annex. 



"T later document published after the internaliona! filing date 
or priority date and not in conflict with the application but 
dted to understand the principle or theory underlying the 
invention 

•X' document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

' y document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person sWIIed 
in the art. 

document member of the same patent family 



Date of mailing of the internationat search report 

23/12/2002 



Authorized officer 



Ubberecht, L 



BNSDOCID: <WO 



.0302805eAlJ_> 



INTERNATIONAL SEARCH REPORT 



4 



Patent document 
cited in search report 



Publication 
date 



PCT/NL 02/00588 



Patent family 
member(s) 



Publication 
date 



us 


5963021 


A 


05-10-1999 


NONE 








EP 


0338374 


A 


25-10-1989 


DE 


3812734 


Al 


26-10-1989 










EP 


0338374 


A2 


25-10-1989 


DE 


4105698 


A 


27-08-1992 


DE 


4105698 


Al 


27-08-1992 



Fbim PCT/lSA/210 (patent famSy annax) (July 1992) 



BNSDOCID:<WO ^03028056A1 I > 



THIS MM BIMK m^) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



El BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES. . • ' 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

f 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ R£FER£NC£(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: : 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




FADED TEXT OR DRAWING 



TH/S PA6£ BLAHK (ospto, 



